Abstract: Cellular ceramics have been produced by several methods, giving a wide range of macrostructures and properties. This work describes a novel route to produce cellular ceramics based on the gel casting of emulsions consisting in an aqueous ceramic suspension containing water-soluble organic monomers and an emulsified insoluble liquid phase. The effects of solids loading and kerosene fraction on the rheological properties of emulsions were characterized. Samples with different kerosene additions (20, 30, 40 and 50 %vol.) were produced and their green and sintered densities were measured. The results have shown a good correlation between the volumetric fraction of kerosene into the emulsion and the porosity of samples. Diametrical compression was used to evaluate the strength of sintered samples, which varied with the porosity between 18 and 37 MPa. The cellular structure was analyzed by SEM and revealed isolated pores for samples with low porosity, which changed to an interconnected network of pores as the porosity increased.
Introduction
In the recent years the interest for materials with cellular structure, such as foams, reticulated and biomorphic ceramics, has increased due to their specific properties such as low density, low thermal conductivity, thermal stability, high surface area and high permeability [1] [2] [3] . These properties make this class of materials suitable for a wide range of technological applications, such as catalyst supports, filters for molten-metals and hot gases, thermal insulators, refractory linings, and biomateriais [4, 5] . Various processing routes have been proposed to produce cellular ceramics [6] , including polymeric sponge [7, 8] , foaming [9, 10] or space holder method [11] . The fabrication method determines the range of porosity, the pore size distribution and the pore morphology. Emulsions are composed of two immiscible liquids, one of which is the continuous phase where the other is dispersed as small droplets. In this work, cellular ceramics were prepared by a novel process which is based on the gel casting of an emulsion consisting of an aqueous ceramic suspension containing monomers and an emulsified nonpolar liquid phase (generally labelled oil phase). After being moulded, the emulsion is gelled by means of the polymerisation of previously dissolved water-soluble monomers, dried and sintered. The potential advantages of this method include: i) an accurate control of porosity, which results from the fraction of nonpolar phase added to the suspension; ii) ease of extraction of the emulsified phase; iii) the possibility of controlling the average pore size, which results from the average droplet size of the emulsified phase.
Emulsions are thermodynamically unstable systems and eventually some phase separation will occur [12] . However, the stability of emulsions can be greatly extended in the presence of an emulsifying agent, or surfactant, which adsorbs around the droplets, reducing the interfacial energy [13] . Nonetheless, phase separation do not consist a problem in the present process, since gelation occurs in a few minutes, as a result of the polymerisation of the monomers.
Experimental Procedure
Alumina suspensions (A-1000 SG, Alcoa, d 50 =0,3 µm) with solids loading varying between 35 and 55 vol.% were prepared by dispersing the ceramic powder into an aqueous premix containing N,N,N',N' hydroxymethylacrylamide-HMAM, methacrylamide-MAM and methylenebysacrylamide-MBAM (Sigma/Aldrich), in the molar ratio of 3:3:1. Ammonium polyacrylate (DISPERSAL 130, Lubrizol) was used as deflocculant and the suspensions were ball-milled for 15 minutes for complete powder dispersion. The emulsions were obtained by adding different amounts of kerosene (20, 30, 40 and 50 vol.%) to the suspensions under vigorous stirring, in the presence of small amounts of a surfactant (Triton X-114). The rheological behaviour of emulsions was evaluated using a Brookfield LV DV-II+ viscometer. Small quantities of ammonium persulfate-APS (initiator) and tetramethyletilenediamine-TMED (catalyst) were added to the emulsion and they were immediately poured in cylindrical moulds, where gelation occurred. After gelation, the samples were initially dried at room temperature for approximately 24h and then in an oven at 110 o C. Firing was performed for 3h at 1600 o C using heating rates of 5°C/min up to 200 o C, 1°C/min up to 500 o C and 5°C/min up to the sintering temperature. The green and sintered densities of the samples were obtained from the ration between their mass and dimensions. Diametrical compression was used to evaluate the strength, using a universal testing machine (MTS-810) with a crosshead displacement speed of 1 mm/mim. Figure 1 shows the flow curves of alumina suspensions with different solids loadings after the emulsification of different amounts of kerosene. The emulsions exhibited pseudoplastic behaviour and were slightly tixotropic. This behaviour stems from the good dispersion of particles and the non-coalescence of kerosene droplets, in the time interval where the test was carried out. There is a trend of viscosity increase as both the kerosene fraction and solids loading increase in the emulsion. This behaviour favours the entrapment of air bubbles during the mixing procedure, leading to the formation of large pores in material, which may be considered as defects. The reproducibility of the data obtained for the suspension containing 35 vol.% of solids was lower due to low precision of the equipment in this viscosity range. Figure 2 shows the green and sintered densities of the samples as function of kerosene content of the ceramic emulsion. As expected, the green density decreases with the increase of the kerosene fraction contained in the emulsion. Additionally, a very good correlation is observed between the amount of kerosene contained in the emulsion and the ceramic density, indicating that this property may be easily controlled in this route. The green and sintered densities are also affected by the solids loading of the suspension used to produce the emulsion. The sintered density varied in the range of 1.8-3.0 g/cm 3 ( Figure 2-b) , for the amounts of kerosene assessed in this work.
Results and Discussion
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Fig 2:
Density of the alumina samples produced by emulsion followed of gelation. a) Green density and b) Sintered density. Figure 3 shows the porosity of sintered samples as a function of the ratio between the volumes of kerosene and alumina in the gelled emulsion. As expected, the apparent porosity increases with the kerosene fraction in the emulsion. Additionally, it is observed that the porosity of samples produced from emulsions with same kerosene concentration is affected by the solids loading of the suspension: suspensions with higher solids loading lead to cellular ceramics with higher porosity. The porosity varied in the range of 10-45%, but was very similar for samples prepared from suspensions with 50 and 55% vol. of solids. For this reason, emulsions prepared with the suspensions containing 50% vol. of solids were preferred for the following tests due to the lower viscosity. 
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For emulsion-based cellular ceramics, the strength varied in the range 18-37 MPa, for relative densities between 0.49 and 0.78, whereas for samples produced by foaming, the strength varied in the range of 4-45 MPa, for relative densities between 0.13 and 0.38. Notice that the strength was evaluated in this work by diametrical compression, which fractures samples by tension in the disc centre, while data available in the literature refers to uniaxial compression. It is expected that diametrical compression test supplies lower strength values than uniaxial compression.
Conclusions
Cellular ceramics have been produced successfully by the emulsification of an apolar liquid into an alumina suspension, followed by gelation. The porosity could be controlled with good accuracy by adjusting the amount of kerosene emulsified and solids loading of the suspension. The emulsions flow behaviour was pseudoplastic and alightly tixotropic, whereas apparent viscosity increased with the amount of kerosene in the emulsion. The porosity of the samples varied in the range of 10-45%. The mechanical strength for the samples with higher porosity varied in the range of 18-37 MPa.
